The weed control in coffee plants has great importance, as they compete for light, water and nutrients. The chemical control is the most used, emphasizing the glyphosate, however, when applied, drift can occur and consequently cause injuries to coffee. Many farmers use the sucrose application with the objective to reverse the damage caused by the herbicide drift, even without scientific basis to justify such action. The objective of this study was to evaluate the effect of the sucrose application on the detoxification of coffee plants in the implantation phase with glyphosate drift. The experiment was carried out in a greenhouse, using a randomized block design, arranged in a 3 x 3 factorial scheme with 2 additional treatments, using 3 sucrose doses (2, 4 and 8%) with 3 application times (1, 24 and 168 hours after intoxication with 10% of the commercial glyphosate dose) with an additional one in which the plants were not intoxicated and not treated with sucrose and another only with plants intoxicated by glyphosate. After 75 days performing the experiment, growth, physiological and anatomical characteristics were evaluated. The application of sucrose in the reversal of intoxication of growth variables (height, leaf area number of leaves, shoot dry weight and dry weight of the root system) was not efficient. The objective of this study was to evaluate the effect of the sucrose application on the detoxification of coffee plants in the implantation phase with glyphosate drift. For the physiological variables the application of 2% sucrose, one hour after glyphosate intoxication was the most efficient treatment.
INTRODUCTION
Coffee cultivation has great importance to Brazil, which is the world's largest producer and exporter of coffee (CONAB, 2018) .
The weeds' management in coffee crop is a very important practice, as these can compete for light, water and nutrients and negatively affect vegetative growth (RONCHI; SILVA, 2006) .
The first year after planting of the seedlings in the field is characterized as the most critical phase of weed control in the coffee crop , for even young plants leave 1, 2, 3, 6 Universidade Federal de Lavras/UFLA -Departamento de Agricultura/DAG -Cx. P. rubensjoseguimaraes@gmail.com, dalysecastanheira@hotmail.com, iovanibelutti77@hotmail.com 4 Universidade José do Rosário Vellano/UNIFENAS -Rodovia MG 179, Km 0 -37.132-440-tiagoter@gmail.com 5 Embrapa Café -Parque Estação Biológica -Av. W3 Norte -Cx. P. 40.315 -70.770-900 -Brasília -DF -milene.carvalho@embrapa.br large areas of soil exposed to light, favoring the growth of weeds. In addition, young coffee plants present slower growth when compared to weeds (SILVA; RONCHI, 2008) , favoring competition, being the control of fundamental importance for the good development of the crop.
Among the various weed control methods used in the coffee plant, chemical control with the use of herbicides stands out. This method is one of the most efficient and, in many cases, more economical (YAMASHITA et al., 2008) , besides the application practicality, quickness of action and not soil revolving.
the transplanting of coffee seedlings into pots containing 11 Liters of sieved and previously corrected soil was carried out in order to raise the base saturation to 60% (RIBEIRO et al., 1999) . The soil used in the experiment was classified as a clayey, dystrophic dark red Latosol (EMBRAPA, 2006) .
Fertilization planting and coverage were carried out according to the recommendations by Ribeiro et al. (1999) . During conducting the experiment weed control was performed manually and the soil was maintained at field capacity.
The experiment consisted of 11 treatments arranged in a 3 x 3 + 2 factorial scheme, in a randomized block design, with four replicates. The treatments were consisted of the combinations between the sucrose levels (2, 4 and 8%, equivalent to 20, 40 and 80 g L -1 ) and sucrose application time (1, 24 and 168 hours after a simulation of the glyphosate drift) and more two additional treatments, in which one was applied pure water (standard) and in the other was made the simulation of the glyphosate drift (intoxicated seedlings). Each plot consisted of one plant.
At 56 days after transplanting seedlings, the glyphosate drift was simulated using the original Roundup ® commercial formulation, using a costal pressurized sprayer CO 2 , calibrated at a constant pressure of 250 kPa, fitted with a bar and a fan-type nozzles (TT 11002), which allowed the application 200 L ha -1 of syrup on the plants. To simulate drift, it was used 10% (144 ml) of the recommended glyphosate dose 1440 ml ha -1 . For the sucrose application, the same sprayer was used in the glyphosate application, but adjusted to apply a syrup volume 400 L ha -1 . All the evaluations were carried out 75 days after the treatments application and checking plant height (cm); number of leaves and leaf area (cm²) (CUNHA et al., 2010 ). For these evaluations, completely expanded leaves of plagiotropic branches of the middle third of the plants, located at the third node, were used from the branch apex.
For the anatomical studies, a completely expanded leaf was collected from the third node of plagiotropic branches, from the middle third of the plants. The leaves collected from each plant Among the herbicides used to control weeds in coffee plants, glyphosate stands out, which has a systemic action, post-emergence and does not have coffee selectivity (AMARANTE JUNIOR; SANTOS, 2002) . However, the glyphosate use, without observing the technology principles of agrochemicals application can cause "drift" and consequently injuries to the coffee. In order to avoid such injuries some coffee growers adopt some management techniques to avoid (directed jet, special nozzles, etc.) or to reverse (use of sugar spraying) the drift effect which, in the case of sugar application, does not scientific basis. The sugar application without scientific basis (doses, forms and times of application) increase the cost of production, and no guarantee of problem resolution.
Carbon is fundamental in the photosynthesis process, more active this process, less prone to intoxication will be the plants, or the sooner they will recover if intoxication has already occurred (TAIZ; ZEIGER, 2013).
Leaf spraying with dilute sugar solution (sucrose), as a source of carbon for plants, makes it possible to acquire carbon from plants through the photosynthetic pathway (SILVA et al., 2003) . As this process is easily affected by adverse edaphoclimatic conditions, many technicians and coffee growers believe that the exogenous supply of carbon, via sucrose application, molasses or amino acids, can efficiently supply this element to the plant (Silva et al., 2003) .
The work with sucrose application was done in other crops such as the study of the sucrose application role in the tolerance of Arabidopsis thaliana seedlings to the herbicide atrazine, in which Ramel et al. (2007) found that sucrose can induce tolerance to various xenobiotics types. In coffee, to date, no conclusive studies have been found indicating induction of tolerance to glyphosate drift, or even greater recovery of the plants with the use of sucrose.
The objective in this study was to evaluate the effect of the sucrose application on the detoxification of coffee plants in the implantation phase with glyphosate drift.
MATERIAL AND METHODS
The experiment was carried out in 2015, in a greenhouse, in the municipality of Lavras-MG. Coffea arabica plants of the cultivar Catuaí IAC 99 were used. At the six pairs of leaves stage, completely expanded, it was realized were placed in a container containing 70% ethanol solution (v v -1 ) to fix the plant material. After 72 hours the solution was renewed for preservation of the material. In the laboratory, two blades were assembled for each collected leaf, one blade with cross sections and another blade with paradermal sections.
The cross sections were obtained in a LPC-type tabletop microtome and the free-hand paradermal sections using a steel blade followed by the methodology proposed by Kraus; Arduin (1997) until the final preparation of the blade.
The blades were observed and photographed under an Olympus BX 60 model optical microscope coupled to the Canon A630 digital camera. The images were analyzed in UTHSCSAImagetool image analysis software. The diameter (μm) of the phloem was evaluated.
At the end of the experiment the plants were sectioned in the colon region, separating them in aerial part and root. Then, these were washed in running water and after in distilled water and placed in paper bags to be dried in an oven with forced air circulation at 65 °C until constant weight. After drying, each sample was weighed on a precision balance, determining the shoot dry weight and the root system (g).
For the statistical analysis, linear models were fitted to the data. After adjustment, the variance analysis was carried out, in which the effects of sucrose factors, application time and interaction were tested by the F test. The comparisons among the additional treatments with the treatments of the factorial part were made by means of orthogonal contrasts, which were also tested by the F test.
For the models and the contrasts adjustment, the function aov ( ) of the stats library was used. The variance analysis was performed by the function aov ( ), also present in the stats library. In the response variables in which some of the factors had a significant effect (p-value> 0.05), the average study was done by comparing the confidence intervals at the 95% level for the adjusted averages by means of the lsmeans function ( ) of the lsmeans library (LENTH; WEISBERG, 2016) .
All the procedures to carry out analyzes were done by software R version 3.2.3 (R CORE TEAM, 2016).
RESULTS AND DISCUSSION
Plants that were intoxicated with glyphosate did not show visible and pronounced symptoms of intoxication 75 days after glyphosate application. There was an interaction effect (Time x Sucrose) for the variables stem diameter, photosynthetic rate, stomatal conductance and transpiration rate, in function of time and sucrose dose (%) applied.
For plant height, number of leaves, leaf area, dry shoot mass, dry root mass and phloem thickness were significant effect (p> 0.05) only for sucrose factor. However, for the variables number of plagiotropic branches, stomatal density, abaxial and adaxial epidermal thickness, mesophyll, number of xylem vessels, root system volume and root surface area, there was no significant effect (p <0.05 ) of the time and sucrose factors.
Coffee plants that were not intoxicated and received only water (pattern) were superior in height, number of leaves, leaf area and shoot dry mass compared to coffee plants that were intoxicated with no sucrose treatment (intoxicated) ( Tables 1 and 2 ).
This result evidences the negative effects caused by glyphosate intoxication in coffee plants (FRANÇA et al., 2010a; FRANÇA et al., 2010b; FRANÇA et al., 2013) .
Also in relation to the variables mentioned above, coffee plants with standard treatment were superior to the intoxicated coffee plants that received the application of sucrose at the dose 2%. It was also observed that coffee plants intoxicated and with no sucrose treatment did not present differences of the intoxicated coffee plants that received sucrose spraying, regardless of the applied dose. On the other hand, the supply of 4 and 8% of sucrose in coffee plants intoxicated with glyphosate resulted in an equivalent growth of plants that were not intoxicated in height, number of leaves and leaf area (Table 1) .
Thirty-five percent of the dry matters of the plants on the planet are represented by derivatives of the shikimate pathway (FRANZ, MAO; SIKORSKI, 1997). As glyphosate-intoxicated plants have the shikimate pathway interrupted by the action of glyphosate (VELINE et al., 2008) , it is explained the lower value of dry mass of coffee plants under glyphosate effect observed in the present study.
For the dry mass of the root system (Table  2) , it was observed that there was no difference among the coffee plants from the standard treatment and the coffee plants intoxicated and not treated with sucrose, demonstrating that the intoxication with glyphosate at 10% dose did not cause negative effects to the coffee root system. .81 *For each variable, average followed by the same lowercase letter, and by the same capital letter in the line, do not differ from each other by the overlapping confidence intervals system (p<0.05).
Also Velini et al. (2008) observed no negative effects on the corn root system, conventional soybeans, Eucalyptos grandis, Commelina benghalensis and Pinus caribaea, when glyphosate was applied, possibly because of the slower effects on this part of the plants. Wagner Júnior et al. (2008) also reported that doses up to 345.6 g ha -1 of glyphosate applied on yellow passion fruit did not promote root length reduction at 28 days after application.
Intoxicated coffee plants that received 2% sucrose one hour after glyphosate intoxication had higher photosynthetic rates and stomatal conductance when compared to coffee plants that were intoxicated with no sucrose treatment (Tables 3, 4 and 5) .
Also, Martin (2003) concluded that the coffee plants spraying with 2% sugar, a week after glyphosate drift was efficient in the reversion process of intoxication by this herbicide. In the present work the higher photosynthetic efficiency observed in plants treated with 2% sucrose after one hour of glyphosate intoxication may have been caused by adaptive defense mechanisms.
It is known that stress caused by xenobiotics, such as glyphosate, causes oxidative stress in plants (RAMEL et al., 2009a) . The sucrose application in plants of Arabidopsis thaliana intoxicated with atrazine was efficient to trigger defense mechanisms, activating antioxidant systems and altering the levels of reactive oxygen species (RAMEL et al., 2009a, b) .
For the phloem thickness (Table 6 ) there was no sucrose effect, and the standard coffee plants showed no difference in relation to the intoxicated coffee plants and without sucrose. The leaves phloem thickness of intoxicated coffee plants that received application with 2% and 4% of sucrose was higher than those that received 8%.
These results confirm the anatomical modification for this characteristic among the plants intoxicated and treated with different sucrose dosages. It is through the phloem vessels that photo-assimilates translocation occurs, such as sucrose, produced during the photosynthetic process (GRIFFITHS et al., 2016) . 7.37 *For each variable, average followed by the same lowercase letter, and by the same capital letter in the line, do not differ from each other by the overlapping confidence intervals system (p<0.05).
In the present work it is noticed that application of 2% sucrose in coffee plants intoxicated with glyphosate presented positive results for photosynthetic and transpiration rate and also for leaf phloem thickness. It is important to emphasize that the evaluations were carried out 75 days after treatments application, but the effects can be even more severe, harming the plants growth over time.
CONCLUSIONS
The application of sucrose in the reversal of intoxication of growth variables (height, leaf area, number of leaves, shoot dry weight and dry weight of the root system) was not efficient.
For the physiological variables the application of 2% sucrose, one hour after glyphosate intoxication was the most efficient treatment.
